Introduction
greater growth of the Andean fetus at high altitude. To our knowledge, global gene expression and DNA methylation in placental 1 2 1 tissue has never been examined relative to ancestry, nor to an environmental challenge 1 2 2 such as high vs. low altitude. Our approach was to compare the gene expression measure methylation at a specific CpG site, were located within the promoter or gene correlated significantly with gene expression levels when corrected for multiple 3 5 0 hypothesis testing (FDR<0.1) ( Supplementary Table 3 ). 106 methylation sites had a 3 5 1 significant correlation with expression levels of 17 ancestry-associated DEGs while 15 3 5 2 methylation sites correlated significantly with expression levels of 8 altitude-associated 1 9 secrete pro-angiogenic factors which may contribute to the enhanced vascularity of the 4 0 2 high-altitude Andean placenta and contribute to enhanced nutrient and gas exchange 4 0 3 [33] . We have shown that the placenta engages in mitochondrial hypometabolism under 4 0 4 high altitude conditions, and regulated by HIF-1 alpha [34, 35] . HIF-1 alpha regulates 4 0 5 expression of chemokines, including CCL2 and CCL3L3 which may result in increased 4 0 6 angiogenesis [36] . We therefore speculate that the genes we have identified related to 4 0 7 the innate immune response may be permissive for the greater angiogenesis that we 4 0 8 and others have observed in Andean placentas at high altitude [11, 13] . Andean women had a robust, altitude-associated increase in placental capillary 4 1 0 surface area, length and volume, despite general simlarity in placental weight and 4 1 1 volume aross the 4 groups. Increases in these functional parameters were 19-71% 4 1 2 greater in Andean than European placentas for the same vascular variables. Functionally, one would expect greater capillary surface area and length to be 4 1 4 associated with increased maternal-fetal nutrient transport and gas diffusion, whilst 4 1 5 volume might be expected to relate to blood flow. We have no direct measures of 4 1 6 diffusion, although extensive analysis of fetal blood gas parameters and oxygen delivery 2 0
Correlation of DNA Methylation with Gene Expression
Of the 36 altitude-associated DEGs, 10 DEGs had lower expression levels at 4 2 5 high altitude compared to low altitude (Table 3) . Three of those genes, fos proto- activator protein 1 (AP-1) transcription factor complex. The AP-1 complex is a family of studies have found an increase in cytotrophoblasts in high altitude placenta [43, 44] , into the syncytium. In essence syncytialization is delayed or slowed and apoptotic 4 3 8 stimuli are diminished in the high altitude placenta. Decreased expression levels of genes forming the AP-1 transcription factor 4 4 0 complex indicate that there is less AP-1 transcription factor available to bind to its target 4 4 1 genes. The reduction in expression levels of four AP-1 target genes at high altitude 4 4 2 supports less availability of the AP-1 transcription factor. These four genes include early 4 4 3 growth response 1 (EGR1), olfactomedin like 3 (OLFML3), regulator of G protein 4 4 4 signaling (RGS1) and immediate early response 3 (IER3) all of which have been shown 1 reduced cell proliferation [45] [46] [47] [48] . The reduced cell proliferation may also contribute to 4 4 7 reduced cytotrophoblast fusion into the syncytium [49, 50] .
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Prior studies of gene expression in Tibetans and Andeans implicate the HIF 4 4 9 pathway as a critical target of natural selection, and hence these pathways were 4 5 0 examined carefully in this study [51, 52] . The altitude associated DEGs include genes by HIF induction with higher expression at high altitude include family with sequence 4 5 5 similarity 46 member C (FAM46C), solute carrier family 4 member 1 (Diego blood 4 5 6 group) (SLC4A1), and alpha hemoglobin stabilizing protein (AHSP) ( Figure 1 , Table 3 ) 4 5 7 [53] [54] [55] . We have previously shown increased HIF-1 alpha gene expression, protein 4 5 8 levels, and increases in the products of HIF's target genes in placentas of non- indigenous peoples residing at high altitude [56, 57] . Placental gene expression for HIF-4 6 0 1 alpha (HIF1A), HIF-2 alpha (EPAS1), and HIF-3 alpha (HIF3A) in this study 4 6 1 demonstrated low total variance (σ 2 < 0.1186) and therefore were not subject to 4 6 2 genome wide hypothesis testing. There was however greater expression of the HIF-3 4 6 3 alpha gene product among Andeans compared to Europeans regardless of altitude 4 6 4 (p=0.01). We also found that there was greater HIF-1 alpha gene expression among indicate natural selection has favored variants of genes in the HIF-pathway that would 4 7 2 be expected to lower the PO 2 at which a HIF response is stimulated. This appears 4 7 3
counter-intuitive unless one posits that this lowered threshold for stimulation of a HIF 4 7 4 response contributes to maintenance of sea-level values for some physiological 4 7 5 parameters, despite the high altitude environment, which is as good a measure of 4 7 6 adaptation as any other [51, 52] . That HIF-3alpha can attenutate HIF-1alpha target suggests it may act to further 'fine-tune' HIF-1alpha responses. Given that vascularity in 4 7 9 low altitude Eurpeans and Andeans is similar, these differences in HIF-related gene There were more ancestry-associated DEGs (n=17) that correlated with DNA 4 8 6 methylation than altitude-associated DEGs (n=8, Table 4 , Supplementary Table 3 ). This 4 8 7 significant difference (Fisher's exact p = 0.0242) supports our hypothesis that 4 8 8 methylation plays an important role in placental adaptation to high altitude. DNA methylation changes can be introduced within a population at a faster rate than gene volumes, is favored over genetic changes that would be permanent. It is well known that hypermethylation in the promoter region of genes typically methylation sites having a positive correlation. We also found negative correlations 5 0 5 between gene expression levels and DNA methylation within 97% (37/38) of the 5 0 6 methylation probes located within CpG islands of gene bodies. These findings suggest 5 0 7 that these CpG islands may be acting as alternative promoters since CpG islands are 5 0 8 typically located within promoter regions [64, 65] . Transcription at alternative promoters 5 0 9 may lead to isoforms that are unique to either an ancestral group or individuals exposed 5 1 0
Correlation between Genes that were Differentially Expressed Associated
to an environment such as high altitude [66, 67] . The use of intragentic CpG islands as 5 1 1 tissue specific alternative promoters has been among cells that are part of the In contrast to DNA methylation in promoters and CpG islands within gene bodies 5 1 5 (i.e. introns and exons), increased DNA methylation within non-CpG island gene bodies 5 1 6 is increasingly becoming associated with increased mRNA abundance and a positive 5 1 7 correlation between gene expression and DNA methylation [68] . However, our results 5 1 8
show only 57% (25/43) of the methylation sites within the gene body, excluding those 5 1 9
within CpG islands, had methylation values that correlated positively with gene 5 2 0 expression. This suggests that 43% of non-CpG island gene body DNA methylation 5 2 1 may be acting in a similar fashion to promoter region methylation [62] . The genes we 5 2 2 found that had decreased promoter methylation and consequently higher gene altitude. Gene expression differences associated with altitude may be less dependent 5 3 0 on epigenetic mechanisms and more dependent on the availability of transcription This is the first study, to our knowledge, that investigates how placental gene 5 3 6 expression differs among distinct populations of different biogeographic ancestry,which 5 3 7 2 5 gene expression differences may be regulated by DNA methylation, and how these 5 3 8 mechanisms may differ in the setting of reduced oxygen tension. It is also the first to 5 3 9 consider these differences in relation to structural/functional dfferences in the target 5 4 0 organ. It differs from prior studies that have identified polymorphisms found in DNA from derived from hemtopoietic cells, which have a biological turnover of 3 months, and are 5 4 7 more likely to reflect short-term, rather than long term, reproductively important commerce. It suggests that Andean placentas may be adapting to the high altitude 5 5 2 environment, seen by a preservation in birth weight, through epigenetic modifications as 5 5 3 opposed to sequence variation.
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A major limitation of this study is the small sample size, which restricts the power 5 5 5 of our analysis by limiting the number of probes that would be significant after adjusting for multiple hypothesis testing. To account for this, we focused our analysis on only the Finally, ancestry differences may have affected hybridization, as the microarray chips 5 7 1 were designed using primarily European sequences. We have identified differences in gene expression within the term human 5 7 4 placenta in response to two different factors, altitude (high vs. low) and biogeographic 5 7 5 ancestry (Andean vs. European). We have attempted to link the gene expression 5 7 6 changes to differences in placental structure and consequently birth weights at high 5 7 7
altitude. The approach is warranted because of the strong correlation between placental 5 7 8 size and structure with pregnancy outcomes such as birth weight, preeclampsia and 5 7 9 IUGR [76-79]. We found that the ancestry-related expression differences are related to 5 8 0 inflammatory processes and angiogenesis. By contrast, the altitude-related expression 5 8 1 differences are more-closely linked to changes in the AP-1 transcription network. These 5 8 2 may be linked to decreased cytotrophoblast turnover (and/or impaired syncytialization). Probe ID Gene Symbol Fold Change FDR H  y  p  o  x  i  c  s  w  i  t  c  h  i  n  m  i  t  o  c  h  o  n  d  r  i  a  l  m  y  e  l  o  i  d  c  e  l  l  l  e  u  k  e  m  i  a  f  a  c  t  o  r  -1  /  M  t  d  a  p  o  p  t  o  t  i  c  r  h  e  o  s  t  a  t  c  o  n  t  r  i  b  u  t  e  s  t  o  h  u  m  a  n  t  r  o  p  h  o  b  l  a  s  t  c  e  l  l  d  e  a  t  h  i  n  p  r  e  e  c  l  a  m  p  s  i 
